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(54) CARBON NANOTUBE-DISPERSED POLAR ORGANIC SOLVENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a solvent in which aggregation of carbon nanotubes, 
which becomes a problem on application to a polymer-based nanocomposite, is eliminated and 
the carbon nanotubes are uniformly dispersed. 

SOLUTION: A carbon nanotube-dispersed solution is composed of a carbon nanotube, an 
amide-based polar organic solvent, a nonionic surfactant and a polyvinylpyrrolidone (PVP) and 
the amide-based polar organic solvent is preferably N-methylpyrrolidone (NMP) and the 
nonionic surfactant is preferably a polyoxyethylene-based surfactant. Ultrasonic treatment is 
carried out in order to disperse the carbon nanotubes. 
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3? „ ft * ^ *n co T ft co §y it * ft Sr m m ^ T t m & v^ c 

[0019] 

ktic, u-if-j(K#flstcj;?), * « w if ji ^ ^ ^ y * - * • j) -tfyf ; 
-7*^^^t5?fttco^tw^t5. gfiHT« y 7 7 r -r h y y - t . = y y ^ 

*J J; Ut ;w h ® fe v * U & o •:/ K * )IJ * L it „ : ©It n y 6 6 5 h P a ( 5 0 0 T 

0 r r ) <DTfr=ty% W M T" , HjpiaOl, 2 5 OtCttiL, ^ ~ ( ' 3 5 0 m J / 
P u 1 s e CO N d : Y A G V - if - CO 0 II A ft & /V X & ft W L , Kittlitf *I 
36 $ * 5 r t \c X *) , ^7'/^t-/v-*-*>t/f^7'l;ff|Lfc„ 

[ 0 0 2 0 ] 

« h co ft S3 .77 S ii , h < * t jft M ffiJ -e I? , ^ M ^ ^ co fi ii , m M r co s , 

u - if - co jg & % % M H L T t H L S xl 7c v> „ * fc, u - if - * ffi £i ^ co ^ $j ^ x Mi 

t±\ Hi Pcoft, cvds, 7-7tts, -mitizmom'Amm, 

•ft # T- If A L T » 5> M t 5 r 7 7 U - I- i£- , y y~uy ■ ^ JR * ^ * j£ ^ , fife co # ffi- (c 
± o X ft M 75 ft 7c v- y y 7 f a"7"5rfti LTtlLix.^^, 

1 fc , fj - si? > t* y ^ a - 7' <o gd ft tt , ttfflHW^iottMftS^. 5> It ft 7js # ft 

h Wt V # 1- IS S * ft 5 & CO -C ii /«£ V> 0 SWNT^l^t, N M P 75. 1/ y t ^ '7 i f W 7 

$ © # ffi 7S ft j?j fio ^ t m m ic 5> fa l 7c t , sao. os % u»its:i ^ s 

# .d if S L < H , 0 . 0 0 5 ^60. 0 5 % £ X =t P „ 
[ 0 0 2 1 ] 



or zuuo-iofoou m zvus. o. iu 



^ M TM£ ffl £ ifx 3 $Ui , 2 0kHz, 1 5 0WSff 28kHz, 1 40WM^ 

, rj i n? fni m a -r -a r t \c j; o x a » * # m a ft £ # 5 n fc # -c # fc # , * * w © e w & 

(D #- # ii C fri IS j£ $ Jx 5 t> © -C ii 4 ^ a fi^§^5*-*>t/f a-Zmi^ T 5 K 

^ ft 44 -fir iSioiifiUot, it> & z k&*im**>&* 
[0022] 

^1 it'ffl^^hS^'U t*-/H:'p y K "y ( p v p ) <d m fi- 4 ii s # - # y / =f 3. - 
7* © £ fi- fi fc J; o -C 51 S: ^6KH5Tt5i5>, # * L < ii ft fc '/§ & + 0 . 1-10 % EE 

^tst ii\ *° y tr ~ /v t" n y k y ti , a - # y / •/• .-• - •/ © g m \z % f i . a - # 

yt/f^-7'^fiifV^^>67 y t" y ^ #J * £ lY "f -5 r. fc & to t> ti X ^ 5 „ * % W X ii 

, ?k y tr =. n y k y © r <d i 5 ft 5 -y tr y ^ a ft t f u ffl l t , r -* k « % tt w m m m 

a. * -f * y # ffl '/£ '14 ffl fc i§ - fc # ffe L fc j& - 3J? y -J- 7 3. - 7* <Z5 W Ii * Sr it i' 5 r 
tiST?§5, * - jH y t- / a. - 7" o SB & a leSLT * y b' - ;w b° p y K v © IS ^ » ^ 

[ 0 0 2 3] 

4c « T* ffl V* b ti -5 y tr =■ ^ b° p y K >- ( P V P ) <n ft 7- * it ¥r ic Pfi £ S 5 fc © Tf 

(i * < , - JK (c « 2 Vo ~ 5 0 0 7S X h ti (J , +55-/£fl:^SB6ih0jJU:Sr^5Ci:*s-C$S /j s 

. jfiL<li 2 0 7f- 2 0 0 j?««J:V^ f/f i^^tlcict^fci?), y 7> -7 

4 a« * $ -r € 5 t p v p + T J =? a - * 7 y b° > tr -r z> z t & X t * . i fc , 
^ 5^1 'f l^sit5PVP©^7Il^|STL, + ft lz -T y ? ^ - 7 Z 

[ 0 0 2 4 ] 

*s ffl & n 5 . * © R x 7^/^-wffigft f fi fi „ g icgCtlSSft^r t /j5 t 5 # 

5 „ u 9 n + % t ii , j i s 3 8 o i x m £ $ n it m m '< v $ a * if & § $ 6 i@ l fc t 
# © » * s t- stciu^ftfctio-eabaa*, if wicii, 7 a * 9 - © ¥ ?l s ic w 6 -r 

5 „ Mitf, ft fc §L c/M& « & #J ffl L 3t ^ 1t 1^ JS ffl -T 5 » fi* , 7^;H-0(*®gfS 

fi /h $ » if i ^ N - fe u \Z |±(ft « ^ & 0 . 1 - 3 . Onm<Dh<D%m^ZZbtfX% 

[ 38 w © a ft ] 

[ 0 0 2 5 ] 

* 56 EP! L fc -4S o X s 77 - y / f - » - 7" Sr # 7 * > '14 # ffi ?5 14 »J , 7; K $ ffi tt ^ _ 
HI « . MIPt^/K-p^ K M ^ & flS lc , ifSI; M M L o o & ft §t5 

fc „ *-jj?yt;fa-7*i^ -tc5>«5:tfc ^ St JSEiSjIS: itff t 5. USU, 
HFoit W $^SJ;5 , # ffi ?S '14 SU *■ ^ U 4 ^ fc , NMP»*t«^tt)*- 
jtf^^y^a-^tta^UTLSV^-lc^lR-t-Srfctt-et&V^. 4 fc , * 3S £i ^ » 

is -14 ^ ^ fc w m m ffl © ?s ^ * « * ffl ^ -c t , *-#yt;f 3 -^ij*iLnt^i 
»c»ft$t5: fc ii H n -e fc 6 . 

[ 0 0 2 6 ] 

r (75 i 5 N * is m it , r k % m ft * m m m , ^ y ^- > m # as s ffl & v< * y b = ^ 

tr p y F7«H^iSHh^:J:i;J;ot, * - # y ^ / ^ a - ^ M ft * -f (c j& - 
^>lt5:HK^, *-ij?^tyf a-^ W *^ » +« * <e 5> » - ® £ ffl ^ «l fg fc * 5 . 
[ m W S: I ii 1~ z> fc ft O Sc A © *J I 

[ 0 0 2 7 ] 

KTroll W lc ,i^jx3 ||*--Kyt/f a-7o, 0 0 5 -0. 05 % 

, *e y ^- 3- y ^ ^ y y m # ffi ffi- ffl o . o l ~ 5 % £ m *p LtNMPgii;it«i: R8 #t 
Li^b^tJt, j f»i;*'!) ty^t'o u Ky?ro, i ~ i o % rl fi- 1" 5 d> , X ii *K y 
b p y k y fc ji -fi- l fc m> ® w is is w -r 5 r fc i- «t o t , ^-jKy^/^a - y <d ft m t4 

ic m ft T « ix fc m 14 *f ^ 4S W 5 r t "C I 5 . 
[■MMM 1 ] 
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[ 0 0 2 8 1 

Hi pc oft (ME. ■mitmmm) ia iii^ntswNi ( 1 m g ) & , n m p ( 

N-^/Vt"P P K y ) Ml 0gfcjKy*=*^^^^^*#iBi&teS|-Cfe5Tr i t o 
n ( ft ft ) X - 1 0 0 ( 1 0 m g ) CD jig ^ ?§ IK \£ A ft X £ £ L , ffi W & (20k I I z ) X 

I H# ffl M S. L fc ft , ¥ fcj £ fl3 6 5©*lt'-^fP!) K > ( P V P ) *& M 1 0 0 m g 

* *. x & # l , mwLtzm. 5 ott i 2 m m m uti:^, aisw^vsiiwsi' 

# fc o ft (c , :©i/-**ytyfa- 7" # is jg «i2o tc # ffi l , # 7 * a If ist ( g c 
-50, f* @ m. 1- f£ 0 . 5 » m ) ft±y^y-/uy7^^ - ( f r - 1 0 0 , ?L s 1 u 
m ) x at ift l , lit m m # m & ^ t~ 0 ^ m ^ tz t z 5 , t t>\z&&vt>z z k&t>t>>v£ 0 
znbnmma, 3 0 p ft t * - # > -t- / ^ a - -f # ?n * it *g 1- 5 r t fc < £ £ \z tr- & l 
fc„ 

[ * ife 08 2 ] 
[ 0 0 2 9 ] 

Hft tfij 1 t^i0^otX^PVPOfi^l^fiTlTot o H i P c o i£- ( ffi JBE - 8 
ft £8 * ffi ) iC i Olff$}lfcSWNT ( 1 m g ) Sr , N M P (N-^f^t'nP KV) t§ 
IlOg^lt^^f^lftfffittltJ)5Tr i ton ( ffi « ) X - 1 0 0 (1 

o m g ) <d u &m m k a ft x & & l , & w * ( 2 0 k h % ) x 1 n m » a u fc ft , ¥ j§ # 

fi3 6JJ©#Pl? = /HfB!l K y ( P V P ) *&*5 0mgSrJjP^LXj§^L, ft # L fc ft 
% 5 0 *c x 1 2 h# Pffl il l* L tz fc z 5 , ifcjftrofcv* E » © *K £ # fc 0 & !C , r &D * - # > 7- 
7f ^-^»III^2oC»iL, i/7XHia ( G C - 5 0 , ftlft^g 0 . 5 » 
m ) fciO ! ^yy>y7^^ - ( F R - 1 0 0 , 11 % 1 n m ) fliSL, it ii # H & 
J&» if 5 a» m -< fc r. 5 , t S' E -fe X fc 5 r t 4? i» o tz „ ^ n © IS SJc l± , 3 0 P ft fc 
^7 - tH y / =f a - ^ ^ S * it & L I" 6 - i: * < S J£ i- # ffi L fc „ 

[ H ft ft 3 ] 

[ 0 0 3 0 ] 

^*iWi< 1 i|Hl#(7>7°Pirx*pvP»T^5j-^S^^x.Xffofc 0 HiPcoffi (Mf± 
- Bfi ft m * S ) <fc 9 M ^ $ tl tz S W N T ( 1 m g ) Sr , N M P ( N - /- ^ /V f a V V > 
) J§ HE 1 0 g t !J t- * v 3i ^ u v ^ If. ffi ffi tt X fc 5 T r i ton (faM) X - 1 0 0 

( i o m g ) <d u & m m \z a x m # l , e # s (20kHz) T-nrwiLfti, ¥ 

i§ ^ ^ S 3 77 5 =f (O jK U tT = /Vf n JJ K V ( P V P ) fj) * 1 0 0 m g Sr %W x. X # L , ft 

jfuci, 5 o °c x i 2 m m it l tz t z. h , it is co fc ^ e m <r> m * # fc 0 » > - © * 

-#yt;f a -^»ftS«fe2ot»«l 1 ^ 9 ^ « * * tt ( G C - 5 0 , » S «t ^ £ 
0 . 5 y m ) J; 0 y y 7" U > 7 -f A- ^ — ( F R - 1 0 0 , 11% 1 n m) X tl ii L , M ii 

^Ti^fe i» if J^ll^fci:^, fc fc \c E *s o fc ^ , v ^ -f n fc m M m 1 

j; 9 fc * & fc fc o fc „ ufjffl r# is (s , 3 o p ft fc * - si? y t- y f - a. - 7"' ^ $i ft it -r 3 
c fc fc < &- &• (c # f± l fc 0 
[^*M 4 ] 

[ 0 0 3 1 ] 

mmm\kmm<D7u^**v~^-^%mx»n\ / t\stzjj~xv-t/i-^~- ■? x ir o fc 

0 f-f-lf StSf^tfcSWNT ( 1 m g ) 4- , N M P ( N - /• 7^ ;V t° p D K > ) M 

II 0 g i*'J UyI^Bffitt*Jt*fc5Tr i t o n ( ft ffi ) X - 1 0 0 (1 
0 m g ) CD U & m m IC A ft X M ^ U , M W SE ( 2 0 k II z ) X 1 B# US & 3 L fc ft , ¥ *S 5> 

^ ft 3 6 ?7 co # y tr = tr u y k v ( p v p ) m M 1 o o m g ^ m $_ x ^ m t , at # l fc 
ft , 5 ott l 2s#r B 1iiL fc fc d 5 , it fS <o fc E iS <d m % # fc . * I- , c <d % — 

7-/^^-7' ^ ftfc iS ffi S:2o|C^iL, 77' 7 X « |ft -ill ft ( G C - 5 0 , f* ^ W. ?• fi 0 . 5 
Km) Sitf^ 77>y7^^7- ( F R - 1 0 0 , 11 1 1 ft m ) till, 'ii i& K /j^ E 

fc -3 M ^ fc fc - 5 , fc fc E X fc 5 n fc ^ t> o fc 0 c ft f j co ?§ m ii . 3 o p ft 

fc * - # y t- / ^ 3. - t* ^ ?a m it it -r ^ d fc fc < * & \z u & l fc o 
I * ii w s ] 

[0 0 3 2 ] 
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H i P c o m ( ffi ft ' Bt ft M & ) i:i 5lf ^tlfcSWNT ( 1 m g ) £ , N M P ( 

N-^f^fa p K >- ) JgjfclOgtsKyjf^V^^U^^ffiSltaJ-efcSTr i to 

n ( ® ft ) X - 1 0 0 ( 1 0 m g ) k f" ±5 # ft fi 3 6 7J (0 >K U tf n ^ t" n y K y ( P V P 

) * 1 0 0 m g £ jg £ L . j@ if & (20kHz) t" 1 ^PlftlLfci, 5 0 °C t? 1 2 B# 

M jfc L fc i i 6 , it JS © * v^a 91 o fS # fc „ Iklc ^ z<D*j-tfyi-;3-x.~- 7' 5> ft M 

«^2o|c5>it, #7^ » H ii ffi ( G C . - 5 0 , {£ g? m T ft 0 . 5 n m ) fc'itf^ 7 
U > 7 ;V $ - ( F R — 1 0 0 , Hi 1 n m) "C M ill L „ « i@i ffi # ft 7> if t 

- 7 # IiitStSIi*<S^t#ftLf; 0 
[ H ife 0iJ 6 ] 
[ 0 0 3 3 ] 

H Jfe M 5 fc p] « (D 7 a i? 7 Sr P V P « id ft ft £ S z. X I f o fc „ Hi Pcoffi ( ffi EE - 61 
ft & « jfe ) CJ;!)IffJ}lfeSWNT ( 1 m g ) £ , NMP (N-Zf/PfoU K V ) $ 
IK 1 0 g iiS!)*^-yxf jii gttltfcSTr i t on ( iffi ffi ) X - 1 0 0 (1 

0 m g ) t¥^J»7l3 6 t'-/l-t"rj JJ K> ( P V P ) ffi M 5 0 m g £ ft L , 

gfl (20kHz) flWIlLf;!, 5 Otfl 2i$||||Lf:t:/ 5l tt «t » ft 

^li© Sr # fc „ & , r<D^-#y^y^r t "^^m^?^^2otc^iiL, # 7 7 it 

It jft £S ( G C — 5 0 s fe@f f ^0. 5 )i m) J; ^ y/> > 7 ^ - ( F R - 1 0 

0 , ami nm) t m ii L , S il ft* ^Ifei^H^^ti:^, HKIfetfcKi 
^ ^ o fc o U^SStt, 3 o Bf fc*-**yt;f a-7'^lia:gt5: t/£< 
£ £ (c ft ft l fc 0 

1 m m m i \ 

[ 0 0 3 4 ] 

1S«5 ^i«/Pt^^PVP©¥^^-T-i^iit ff o fc „ HiPcoife ( m m - It 
ft & * 8s ) ia^lf^^fcSWNT ( 1 m g ) £ , NMP (N->f /H:"o y K > ) $ 
«10gi#yt*i'xf I'^SfifliSiSttfflTJiSTr i ton ( ffi ffi ) X - 1 0 0 (1 
0 m g ) fc ¥ # ^ * 3 75 5 ft <D jJ* U f = ^ t° a y K 7 ( P V P ) 00mg5:S^ 
U , j@ W IS (20kHz) t 1 WftlLfci^ 50tT'l 2HWlLf;t;6, it Mk 

<Df£^ m m c**ifc, c©*-#yty f a - y ^ tic $ ft £ 2 o ^ 5> m u . ^ 7 

^ mm ( G C - 5 0 , fft H tt -f - S 0 . 5 M m ) f3ilf^7ky7^^- ( F R - 
10 0, TL S 1 n m ) -C M ii L . Ilft^ife/J^^^l^fc^^, t t> (C ^ T" h Z> 

z t a* t> o fc e :^f)©iitt, 3 0 ptu-^vt/f » - 7' ^ « si it K -r 5 r. i 
ft <g£l: # ft L fc 0 

[ 0 0 3 5 ] 

IIM5 i^i^T-ptx^ k-f-IfltSIHt*-*>t/f ^ - 7" -C fT o fc 
„ V - if - m * ffi 3K # L fc S W N T ( 1 m g ) & , NMP (N-^f/H'n § 
IlOgH'J^^-^f ^l»*'ffifilt*l)5Tr i ton ( ffi ft) X - 1 0 0 (1 
0 m g ) £ ¥ 5} T- ft 3 6 75 CO # y tf = /U t° o JJ KV ( P V P ) B M 1 0 0 m g & jg ^ L 
, j@ W (20kHz) t 1 SlfflMlLfcf , 50t?l 2BtP B l«Lfci:6, it ft © 

llli j« K ( G C - 5 0 , fit ft *fc £ 0 . 5 ju m ) fc J; 0 ^ y 7 V 7 7 ^ ;V 9 - ( F R - 1 

oo, TL H i ii m) -e M ii l , « ii ffi tfm&fr f o A* m fc k z ^ , t ^ ^ m -e fcs: 
t)s o fc „ :ji b « it »s , 3 o Hsu-it;ytyf a - 7 # ?a * it m -r z> r t ft 

< 3c t # ft t fc o 

[ m m m 9 ] 

[ 0 0 3 6 ] 

mmmi t mm^y u ± 7 % #ag tt 93 @ s & 7 £ ^ t ff o fc „ h i p c o & ( n i± - 

K ft * m ) \Z X V m ft $ tl fc S W N T ( 1 m g ) 3r , NMP ( N - * '7- If n y K V ) 
Mm 1 0 gt^y^-^^.-t^U^^lfjg ?£- -ft IJ t* fo 5 I g e p a 1 ( ffi ffl ) C A 2 1 0 ( 
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i o m g ) <n u ft m m a fi x m ft u , is ( 2 0 k h z ) -e 1 n$ w ^ a t & , t- *s 

»ft36J»*Jt=*lfBy K V ( P V P ) m * 1 0 0 m g Sriitil L, * # L 

5 0 1 1 1 2 b# it m <r> ft ^ a m (o m zmtz. r © * - # 

y / ^ a. - 7* # iSc m W £ 2 o \z ft m L , # 7 * II tt a« » ( G c - 5 0 4 fti © li -f & 0 . 

5 urn) *J £ U * > 'f V 7 7 J .'V 7 - ( F R - 1 0 0, H %. 1 fi m ) T* Jt i§ L , ft il jfc ^ 

,1- £ a» if 5 M ^ tz i - 6 , itiboiSii, 3 0 0 

# t # - # ^ 7- y ^ - 7* 7) > ii titits; t ft < £ se k # & l 0 
immm i o j 

[ 0 0 3 7 ] 

H % $1 1 t lej m <D rf u -fe x £ # ffi ?£ tt #] » ft « fr ^ x. T ft o „ Hi PcoS ( rfS EE - 
m it K * Sfc ) IU !)fiff JtlfcSWNT ( 1 m g ) £ „ N M P (N-/f;Vf0 P K 7 ) 
SIl 0 g U>lfiffittlt'fc5Twe e n ( $ & ) 6 0 ( 1 0 m g 

) OiE^^&KAft-CS'frL, iSf R (20kHz) 'C 1 iliMlLfcf^ 3 

6 75" © # y tf - /V f d y K > ( P V P ) S*100mg^litSlL, Jf # L fc ft , 5 

ot-ei 2iMfiiLf:tr5, tzm <d t£ ^ mm «> m % ntc o & tc , rw^-^T-T-y^ 

o.-7/#ftMfr2o ir # p§ L , # 9 x m m M m (GC-SO, ft & fi 7- f$ 0 . 5 n m ) 
*5J;UM yypy7^H- ( F R - 1 0 0 , JLil (im) "CftiSL, it il i£ z5 5 H ft if 

# v / =l ~ y ^ m m ft m -t % r t ft < & % }c # ft l it „ 
liiMi i ] 

[ 0 0 3 8 ] 

itW 1 4 ^ L 1 ot?#?>ttfc*-#>'-?-/^3.-^5J > Wc»*Sr J Er*i j e*i, 7 o y ^ * 
FflNMPilltlM, K ^ ^ - 7" U- - K S- iC i 19 It 11 & B Rfe L fc „ * *L 

fnoi si % %^m»M x* mm l tz t z z , -r s r =u - :/ mii^ttii^ h ft a» o fc „ 

* fc , * ix <o f* 81 C o ^ X , KI*9-r^SIS*sJ:U t "fft-iS*^3t'fti|5t^'<^h^ 
fflij £ * fr o fc i 7- / ^ a. - :/ co 7 -r > v ^ 7- Jo i v 3t K Hx tk W $ n fc . - » J: 

■v-lc&i-itZftmxZ ?> c\ bfrmBX$tc a 

1 mm mi 2 ] 

[ 0 0 3 9 ] 

itMi ft v ^ l 1 0T?#F,tifc*-sK^7-y^3.-^»Sfc»«©3t« a ft *■ t ti =e n , 

i) d<j 3t * ft m SSIiaotlf Lfci:5, «ft-C(SV^3t*SLffiS:W-r5-t*s «ft "is -e 

( Jt K W l ) 
[ 0 0 4 0] 

s is w 1 t m m <r> 7" p ± 7 & p v p % ffl v> -r ic ft o fc „ h i p c o m ( a i+: - m\tmM 

m) \Z «t U ® $ ^ fc S W N T ( 1 m g ) , N M P ( N - /• ^ /V f o ]) K V ) 'it M 1 0 
l/y»#ifttt)BUfc5Tr i ton ( Sf « ) X - 1 0 0 ( 1 0 m g 

) <d u ft m m ic a ti x m ft l . ssm (20kHz) -c 1 r# mi «t a l 1 1 r ^ > jtjt»ft 

^ n -® (?) |g fr # „ ifcK, lo^-^'yt/f a~/5)fi$^ 2ot5)iL, 7 x m 

m mm. ( g a - 1 0 0 , fteufgi. 0 M m ) fc±tf#7^it ?s « ( g c - 5 0 , f* 

gtfgO. 5 m ) -Cit® M ii w & m fe^if 9 ^IW^fc f::?), > 1 *> 5 
^ ir is i? ?5> o 0 n ti b © i§ 'S X ii , H I8J ft \c {i -»0*-#yf;f 7/ <d m M it 

imm±.<omm «r ft i 

[ 0 0 4 1 ] 

*IB±ot, i-|yt/f ^ ti, - \c ft ft l m H ^ m m M ?J5 » fji- "C t5f:* 

. *-«>t/f f ij ffl l fc y - £ t- y 3 y * i? 7 b^mm, % a a © is. u fr 

*i]fflLfc3t^»s^«>JSffl, « t- (±i ffl s es (o m m ft ^\ % m ft m m - <» * - # > t- / ^ 

3 _ 7- W ^ ^ S ^ jji pj fig ^ & 5 o 
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